INTRODUCTION
============

Paleoparasitology is the study of parasites found in ancient remains. Different archeological and paleontological objects are analyzed, such as soil samples, coprolites, or hair \[[@b1-kjp-54-5-617]\]. Paleoparasitology reveals the existence of parasites in the past and helps to trace the relationship between parasites and final hosts. Thus, it sheds light on the origin and evolution of parasitic infections. Moreover, paleoparasitology contributes to a better understanding of paleodiet, paleopathology, sanitary conditions, life style and migration paths of ancient human populations \[[@b1-kjp-54-5-617]\].

Paleoparasitological studies have not yet been performed on archeological sites left by indigenous Arctic ethnic groups Nenets in West Siberia. Here, for the first time, we introduce paleoparasitological results from the burial ground of the Taz Nenets people.

Descendants of those interred in the Vesakoyakha III--IV and Nyamboyto I burial grounds ethnically belong to the Nenets, indigenous people in northern arctic Russia, more specifically the lower reaches of the Taz River and its tributaries \[[@b2-kjp-54-5-617]\]. These Siberian Tundra Nenets, together with the European and Forest Nenets, form a large single ethnic family in Northern Eurasia from the Pechora River to the mouth of Yenisei River ([Fig. 1](#f1-kjp-54-5-617){ref-type="fig"}).

Archeological data suggest that Samoyedic languages originated in the Volgo-Kama region in the Neolithic period. Later, ancient Samoyedic people moved farther eastward. The ancestors of Nenets, native Samoyedic speakers, began to leave the Sayano-Altay highlands and moved to the Near Arctic and Arctic Circle in the 3rd century AD. The migration process lasted almost a thousand years. In the 17th century, the Nenets entered the Taz River Basin and moved farther to the northeast, displacing and assimilating the Enets people, another Samoyedic people \[[@b3-kjp-54-5-617]\].

Along with the North-Samoyedic group, the Taz Nenets taxonomically belong to the Yenisei anthropological group of the North Asian race \[[@b4-kjp-54-5-617]\]. The Nenets' language, together with the languages of both Enets and Nganasan, is related to the northern branch of the Samoyedic language group, which, together with the Finno-Ugrian languages, falls within the Uralic language family belonging to the Ural-Altaic languages in Eurasia \[[@b5-kjp-54-5-617]\]. The subsistence of Tundra and Taz Nenets comes from reindeer farming and herding, as well as hunting and fishing \[[@b6-kjp-54-5-617]\].

This paper reports paleoparasitological results of soil samples collected from burial grounds near the Vesakoyakha River and Lake Nyamboyto. We infer food patterns and frequency and sources of helminthiasis, as well as reveal the presence of different types of intestinal parasites in the aforementioned populations.

MATERIALS AND METHODS
=====================

Three burial grounds of the Taz Nenets were investigated during the 2014 field season. Two samples were taken from 27 burials at the Vesakoyakha II burial ground. Six soil samples were collected from 12 and 8 burials at the Vesakoyakha VI and Vesakoyakha VII burial grounds, respectively. Thirteen soil samples were taken from 14 burials at the Nyamboyto I burial ground. All samples were collected from intact burials. Burials with skeletons in a distorted position were excluded from the study. Funeral garments and goods suggest that the burial grounds date from the 19th and early 20th centuries, respectively \[[@b7-kjp-54-5-617]\].

Soil samples were intentionally collected from the pelvic region. Each sample weighed about 100 g, on average, and was marked and vacuum-packed in the field. We took soil control samples at the skull area from 1 burial in each burial ground.

We placed a dry 10 g sample into an 800 ml L Bunsen beaker and added 0.5% trisodium phosphate solution (Na~3~PO~4~) \[[@b8-kjp-54-5-617]\]. The Bunsen beakers were covered with filter paper, and the supernatant was elutriated 3 times over the course of a week, followed by sifting the residue through a 200 μm sieve. Sample separation was performed in centrifugal tubes. The residue was gathered using a multiple centrifuge process for 7 min at 1,500 rounds per min. After that, we added glycerin until it covered the samples. We stirred the residue accurately and warmed up the tubes in a water-bath at 80°C for 10 min. The hot tubes were centrifuged for 7 min at 1,500 rounds per min. Afterwards, glycerin and the remaining water were elutriated.

We prepared 20 microslides for each sample according to the recommended standard methods. Microscopic examination was conducted using AxioSkop 40 and MicMed 2 var. 2 microscopes under 80× and 400× magnifications. For measurements, AxioVision 4.6 and Scope Photo 3.0 software were used.

To determine the sex of the human remains, we observed pelvic bones, skull, and mandible relying on standard methods \[[@b9-kjp-54-5-617]\]. The gender of young skeletons was not identified. The age of the skeletons was determined by cranial sutures, changes in symphysis pubis, transformation in auricular surface of pelvic bones, and tooth attrition. The age of young skeletons was defined by formation of dental structure \[[@b9-kjp-54-5-617]\].

On determining the sex and age, we divided individuals into the following groups: infants I (0--7 years), infants II (7--14 years), juveniles (14--20 years), adults (20--35 years), matures (35--55 years), and seniors (\>55 years). We used the chi-square test to test the null hypothesis \[[@b10-kjp-54-5-617]\].

RESULTS
=======

Two species of intestinal parasite eggs were found in the soil samples. One of the species presented oval light brown eggs with a few having preserved operculum ([Fig. 2](#f2-kjp-54-5-617){ref-type="fig"}). A knob was observed opposite to the operculum. The average egg diameter was 58.3×43.0 μm (550 eggs were measured). Relying on these morphological characters, we inferred that the eggs belong to the genus *Diphyllobothrium* \[[@b11-kjp-54-5-617]\]. Other eggs exhibited a light brown color, a spherical shape, and a thick radial striated eggshell. The egg diameter was 35.3×30.7 μm on average (150 eggs were measured). These morphological characters suggested that the eggs belong to the genus *Taenia* ([Fig. 2](#f2-kjp-54-5-617){ref-type="fig"}) \[[@b11-kjp-54-5-617]\].

Out of 27 samples, 17 (63%) showed helminth eggs. *Diphyllobothrium* sp. eggs were found in 11 (63%) out of 13 samples from the Nyamboyto I burial ground, in 1 (16.7%) out of 6 samples from the Vesakoyakha III burial ground, and in 3 (50%) out of 6 samples from the Vesakoyakha IV burial ground. Two (33.3%) out of 6 samples from the Vesakoyakha III burial ground contained *Taenia* sp. eggs.

*Diphyllobothrium* sp. eggs were found in 6 (75%) out of 8 child burials and in 1 (50%) of the 2 youth burials. In the adult group (adults, matures, and seniors), we detected helminth eggs in 11 (64.7%) out of 17 burials. No significant differences in the helminth infection were found between the groups of children and adults (χ^2^=0.084). Control samples were free from intestinal parasite eggs. The sex and age data of the human remains are given in [Table 1](#t1-kjp-54-5-617){ref-type="table"}.

DISCUSSION
==========

Parasite eggs in soil strata from archeological sites are a valuable historical source of information about human food patterns, health status, and lifestyle. First, we will discuss on *Diphyllobothrium* sp. eggs found in the samples. Paleoparasitological studies suggested a high frequency of diphyllobothriasis in the past up to modern times \[[@b12-kjp-54-5-617]\]. Contemporary epidemiological evidence showed a high prevalence of diphyllobothriasis (87.5±4.1 per 100,000 people) in Yamalo-Nenets Autonomous Okrug \[[@b13-kjp-54-5-617]\]. The infection rate among the population of the Taz region was 313.6 cases per 100,000 people \[[@b14-kjp-54-5-617]\]. The most pathogenic tapeworms for humans are *Diphyllobothrium nihonkaiense, Diphyllobothrium dendriticum, Diphyllobothrium pacificum*, and *Diphyllobothrium latum*. Of these, the latter (*D. latum*) infects humans more often than the others \[[@b15-kjp-54-5-617]\].

It is worth noting that *Diphyllobothrium* sp. eggs were found in 11 (84.6%) out of 13 individuals (both children and adults) from the Nyamboyto I burial ground. In the early 20th century, doctors and ethnographers recorded fish tapeworm infection among the indigenous people in the northern part of Western Siberia. However, available ethnographic studies for this territory are scarce. Some data suggested that the lower reaches of the Taz River were an ethnic contact zone between the Nenets and Enets \[[@b16-kjp-54-5-617]\] and, later, the Selkups, who settled there at the turn of the 20th century. Thus, the Nyamboyto I burial ground has burials of 2 types. Some are in-ground graves that belong to the Selkups, while the others are on-ground burial boxes (Khalmer) of the Nenets ([Fig. 3](#f3-kjp-54-5-617){ref-type="fig"}) \[[@b17-kjp-54-5-617]\]. In the present study, we took samples from the burial boxes that feature only the Nenets. Ethnographic documents suggested causes of the highly prevalent diphyllobothriasis among the Nyamboyto I population. In the past, it is said that the Nyamboyto area was inhabited by the Nenets who had become poor and whose reindeer herd had died. The lake had an abundance of easy-to-catch fish. The Nenets and Selkups lived there together \[[@b17-kjp-54-5-617]\]. Ethnographic records about the Nenets from the lower reaches of the Taz River in the 19th to the early 20th centuries are unavailable. Therefore, we studied documents about other groups of Nenets and their neighbors. Subsistence activities were similar among the populations in the Tundra area in Western Siberia \[[@b18-kjp-54-5-617]\]. Ethnographic documents reveal certain sources of diphyllobothriasis among the Nenets from the northern part of Western Siberia. Specifically, all ethnographers state that the Nenets consumed large amounts of uncooked, frozen, and fresh-caught fish, as well as fish guts and liver oil \[[@b19-kjp-54-5-617]\]. Saltless dried fish was also largely consumed \[[@b19-kjp-54-5-617],[@b20-kjp-54-5-617]\]. The Selkups from the upper Taz River followed a similar type of diet based on the consumption of raw fish. The population was highly infected with diphyllobothriasis \[[@b21-kjp-54-5-617],[@b22-kjp-54-5-617]\]. Thus, the high prevalence of diphyllobothriasis among the Nenets who left the Nyamboyto I burial ground resulted from intensive fishing and consumption of uncooked fish as a major source caloric intake.

Soil samples from child burials at Nyamboyto I were largely infected with diphyllobothriasis. Eggs of *Diphyllobothrium* sp. were found in 5 (83%) out of 6 child burials from 3 to 8 years old. Two burials of infants less than 3 years of age were free of diphyllobothriasis. This suggested that children became infected at 3 years of age and over when they began to consume uncooked fish. Different ethnographic records corroborate this suggestion. A historian G. F. Miller wrote that children were given raw fish at different ages. According to him, 2-year-old Samoyedic (also Nenets) infants were fed reindeer oil and chopped fish in order to get them used to raw food \[[@b23-kjp-54-5-617]\]. Ethnographer K. D. Nosilov pointed out that the Knanty from the Lower Ob, as well as the Nenets from Lake Nyamboyto, had no cattle or reindeer herds and gave children adult food. This ethnographer enumerates different fish species which were consumed, i.e., *Stenodus leucichthys, Lota maculosa, Esox lucius, Perca fluviatilis*, and *Gymnocephalus* \[[@b24-kjp-54-5-617]\]. Some species could have easily been contaminated with parasites.

Three burials at the Vesakhoyakha River were supposedly less infected with diphyllobothriasis. Unfortunately, a large part of the burial ground was damaged, and soil samples could not be taken. Therefore, we could not make a comparison between the Vesakoyakha and the studied Nyamboyto burial grounds. However, when we summed up all the diphyllobothriasis infection cases from the Vesakoyakha River and compared them with the infection records from the Nyamboyto burial ground, we arrived at a statistically significant difference (χ^2^=4.356). These results mean that the Nenets from the Nyamboyto burial ground were highly infected with helminths. We may infer that the diet of the Nyamboyto Nenets was largely based on raw fish, while the Vesakhoyakha Nenets had a bigger variety in food which also included reindeer meat. The presence of *Taenia* sp. eggs in the soil samples from the Vesakoyakha VI burial ground corroborates this suggestion.

A human being may be infected with 3 genera of taeniid cestodes, i.e., *Taenia saginata, Taenia solium*, and *Taenia asiatica*. The eggs of these parasites are morphologically alike. The infection is caused by consumption of contaminated, undercooked, or uncooked beef or pork. In Yamalo-Nenets (Yamalo-Nenetsky) autonomous okrug, the rate of *Taenia* infection is 0.31±0.2 per 100,000 people, and the rate of beef tapeworm infection equals 9.28±1.3 per 100,000 people \[[@b13-kjp-54-5-617]\]. However, in the 19th to early 20th centuries, taeniid infection rates were probably different. The source of beef or pork tapeworm infection, namely, cattle and pig bones, was found at the archeological site of Mangazeya, a Northwest Siberian trans-Ural trade colony and later city in the 17th century (1601--1672) and nearest settlement to the studied burial grounds. However, no bones of any domestic animals were found at excavation locations of indigenous people dating from the 16th to the early 20th centuries \[[@b25-kjp-54-5-617]\]. Moreover, no records indicated that the population in this territory bred cattle or pigs, or that they otherwise bought or procured beef and pork from other sources. In the locust years of the 19th to the early 20th centuries, the Russian Empire provided the Taz Nenets with bread only. Thus, we may infer that the consumption of raw beef and pork never took place and that these meats could not be sources of *Taenia* infection.

Of all the wild animals from the northern part of Western Siberia, only the moose and reindeer can be infected with beef tapeworm eggs. The moose population in Western Siberia was unstable for years, and, consequently, the northern boundaries of its range changed as well. The dramatic population drop was recorded in the 19th and early 20th centuries when the moose home range shifted significantly farther south than the location of the examined burial grounds \[[@b26-kjp-54-5-617]\]. Nowadays, moose are not found in the subarctic zone, entering the area only by chance \[[@b27-kjp-54-5-617]\]. Thus, it is very unlikely that moose could be a source of beef tapeworm infection.

Reindeer are widespread in the northern part of Western Siberia. Wild reindeer have never had a continuous range and are now found in large populations \[[@b28-kjp-54-5-617]\]. Reindeer hunting by the Nenets has been described by many ethnographers \[[@b29-kjp-54-5-617]\]. However, according to numerous ethnographic records, the Nenets often consumed raw reindeer meat \[[@b30-kjp-54-5-617]\]. Meat of dead or injured reindeer was frequently a part of food rations. However, consumption of raw reindeer meat cannot lead to beef tapeworm infection since *T. saginata* cysticerci develop only in reindeer cerebrum and cerebral meninges \[[@b31-kjp-54-5-617]\]. Nowadays, beef tapeworm episodes are recorded in Yamalo-Nenets (Yamalo-Nenetsky) autonomous okrug (YNAO) as a result of consuming raw reindeer cerebrum. This occurs among indigenous populations of northwestern Siberia during uncontrolled reindeer slaughter \[[@b32-kjp-54-5-617]\]. Ethnographic documents contain rare data about the consumption of uncooked reindeer cerebrum. According to historian Zuev (1771--1772), the Samoyedic people never boiled reindeer heads or ate raw cerebrum. This custom was also observed by O. Finsh and A. Brem. G. Miller writes in his works that they \[the Nenets\] seldom cooked food, preferring raw meat and fish, especially in winter when it was frozen. They never cooked reindeer heads, but ate them uncooked \[[@b33-kjp-54-5-617]\]. Thus, it can be inferred these people consumed the cerebrum and that such custom was the main cause of tapeworm infection.

This is the first parasitological analysis of helminthic diseases among the Taz Nenets. We discovered that the Taz Nenets were mostly infected with diphyllobothriasis. The Nenets from Lake Nyamboyto mainly consumed raw fish. The Nenets who left the Vesakoyakha burial ground had more variety in their food choices, including reindeer meat. Children were given raw fish from early childhood. The paleoparasitological results corroborated ethnographic records about the consumption of uncooked reindeer cerebrum which led to beef tapeworm infection.

In summary, this analysis contributes to a better understanding of the subsistence activities and food patterns of the Nenets from the lower Taz River Basin and broadens our knowledge about their health conditions.
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###### 

Species composition of parasites and rate among age groups of Taz people

  Site                                                Burial no                                       Age        Sex                                             species                  Site                                                 Burial no   Age        Sex   species
  --------------------------------------------------- ----------------------------------------------- ---------- ----------------------------------------------- ------------------------ ---------------------------------------------------- ----------- ---------- ----- ------------------------
                                                                                                                                                                                          VJA[d](#tfn4-kjp-54-5-617){ref-type="table-fn"} II   4           infans I   \-    \-
  NBT[a](#tfn1-kjp-54-5-617){ref-type="table-fn"} I   1                                               Maturus    f[b](#tfn2-kjp-54-5-617){ref-type="table-fn"}   *Diphyllobothrium* sp.   VJA II                                               6           maturus    f     \-
  NBT I                                               1[a](#tfn1-kjp-54-5-617){ref-type="table-fn"}   infans I   \-                                              *Diphyllobothrium* sp.   VJA III                                              2           maturus    m     *Diphyllobothrium* sp.
  NBT I                                               2                                               Adultus    m[c](#tfn3-kjp-54-5-617){ref-type="table-fn"}   *Diphyllobothrium* sp.   VJA III                                              3           adultus    m     *Taenia* sp.
  NBT I                                               2[a](#tfn1-kjp-54-5-617){ref-type="table-fn"}   infans I   \-                                              *Diphyllobothrium* sp.   VJA III                                              5           adultus    m     *Taenia* sp.
  NBT I                                               3                                               infans I   \-                                              \-                       VJA III                                              7           maturus    m     \-
  NBT I                                               3[a](#tfn1-kjp-54-5-617){ref-type="table-fn"}   infans I   \-                                              *Diphyllobothrium* sp.   VJA III                                              9           maturus    m     \-
  NBT I                                               4                                               Juvenis    \-                                              *Diphyllobothrium* sp.   VJA III                                              12          adultus    f     \-
  NBT I                                               5                                               Maturus    m                                               *Diphyllobothrium* sp.   VJA IV                                               2           juvenis    \-    \-
  NBT I                                               6                                               infans I   \-                                              \-                       VJA IV                                               3           maturus    m     *Diphyllobothrium* sp.
  NBT I                                               7                                               infans I   \-                                              *Diphyllobothrium* sp.   VJA IV                                               4           adultus    f     \-
  NBT I                                               8                                               Senilis    m                                               *Diphyllobothrium* sp.   VJA IV                                               6           maturus    f     \-
  NBT I                                               9                                               Adultus    m                                               *Diphyllobothrium* sp.   VJA IV                                               12          adultus    f     *Diphyllobothrium* sp.
  NBT I                                               10                                              infans I   \-                                              *Diphyllobothrium* sp.   VJA IV                                               14          maturus    m     *Diphyllobothrium* sp.
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